Cell specific superoxide production rates were compiled from the scientific literature (Kustka et al. 2005; Rose et al. 2008; Diaz et al. 2013; Hansel et al. 2016; Schneider et al. 2016; Zhang et al. 2016; Plummer et al. 2019; Sutherland et al. 2019) . Figure S1 displays estimates for the mean and standard error (bootstrapping, N=10,000) of each microbial extracellular superoxide production rate, with the exception of diatoms. Diatoms were calculated using the cell surface area as discussed below. The (*) in the figure below indicates alternate units of amol/µm 2 /hr. While some microbial groups data sets contain non-ideal data richness for bootstrapping, we do not rely on these estimated sample parameters alone to support our conclusion. We present these estimates as one of two lines of evidence for our superoxide flux estimate, the second being field depth profiles.
-Distribution of mean extracellular superoxide production rates based on bootstrap estimation. The units of the mean diatom rate are amol/um 2 /hr, and a more detailed treatment of diatom extracellular superoxide production estimate is provided below.
Average cell oxygen utilization rate in the global ocean
This estimate was made using a central estimate for marine net primary productivity (NPP) in Field et al. (1998) of 48.5 Pg C year -1 , gross oxygen production to carbon assimilation (GOP:NPP) value of 2.7 from Marra (2002) , an estimate for the total number of prokaryotic cells in the water column from Whitman et al. (1998) (Field et al. 1998; Whitman et al. 1998; Marra 2002 Note that the product of the first four terms in the above equation gives marine gross oxygen production of 1.09x10 16 mol O2 year -1 .
Cell Number Estimates
The estimates of cell count, net primary production, and cell size have an unknown degree of uncertainty and likely contain bias toward well-studied regions and microbial groups. To account for this uncertainty in our estimation of the mean extracellular superoxide flux in the ocean, we let the cell counts for each biological grouping vary ±30% (uniform distribution) about the cell count estimates that we describe below.
Cell number estimates for each marine group were either obtained directly from previous estimates or calculated from parameters in relevant scientific literature. Estimates of Alphaproteobacteria and Gammaproteobacteria were made by multiplying estimates of total bacteria in the water column (1.01 x 10 29 cells) (Whitman et al. 1998 ) by relative abundances of each group in the water column (43% and 27%, respectively) (Zinger et al. 2011 ). The Pelagibacterales cell number was taken directly from a previous estimate (Giovannoni 2017) : 2.4 x 10 28 cells. Cell numbers for Prochlorococcus and Synechococcus were taken from annual mean global abundance estimates: 2.9 x 10 27 cells and 7.0 x 10 26 , respectively (Flombaum et al. 2013) . The data used to estimate diatom abundance was taken from a global diatom database (Leblanc et al. 2012 ); a cell estimate of 2.6x10 24 diatoms was made using the annual diatom biomass (as carbon) production and the mean carbon content of each diatom cell (see diatom section below). The biomass of Trichodesmium in the global ocean is estimated using biomass distributions available in the Community Earth Systems Model (CESM) Large Ensemble Project using the following file (Kay et al. 2015) : b.e11. B20TRC5CNBDRD.f09_g16.001.pop.h.diazC.185001-200512 . This contains the distribution of carbon from diazotrophs. For simplicity, we assigned each spatial cell in the model the average carbon content over the ten-year period from January 1995 to December 2005. Trichodesmium cell numbers were derived using the annual average diazotroph biomass from CESM and Trichodesmium cell carbon content (Goebel et al. 2008) (42 pg C cell -1 ), producing a total of 4.6 x 10 23 cells. Similarly, Phaeocystis cell numbers were calculated using net Phaeocystis primary production (Phaeocystis represents 13% of Southern ocean net primary production, 4.5 PgC, which yields 0.58 PgC for Phaeocystis NPP) (Arrigo et al. 2008 ; Wang and Moore 2011; Rousseaux and Gregg 2014) and a mean Phaeocystis cell size (15 pg C cell -1 ) (Schoemann et al. 2005; Vogt et al. 2012) , producing an annual Phaeocystis cell count of 3.9x10 25 cells. Coccolithophore cell counts were determined using the fraction of primary production attributed to the clade (21%) (Rousseaux and Gregg 2014) times global marine NPP (48.5 Pg C year -1 ) (Field et al. 1998) 
Diatom extracellular superoxide production
The diatom cell normalized extracellular O2 •is much less straightforward to estimate than other phytoplankton groups, as the classification division of diatoms is coarser than for the other clades discussed in this study. The biovolume of diatoms span up to 9 orders of magnitude, requiring discrete accounting for cell size in assigning this group a cell specific superoxide production rate (Leblanc et al. 2012) . Table S1 shows the surface area normalized extracellular superoxide production rates for the diatoms included in this study. The range of extracellular superoxide production rates falls within a much narrower range when normalized to cell surface area, as shown in the table. For this reason, we estimated the total extracellular superoxide production from diatoms using the median surface area normalized production rate listed above (1.6 amol cell -1 m -2 hr -1 ). To determine the cell abundances and their relative contribution to the marine superoxide flux, we turned to a diatom database containing >200,000 georeferenced diatom observations that include estimates of biomass, biovolume, and surface area (Leblanc et al. 2012) . None of these cell parameters can be approximated as a normal distribution. The cell surface area and biomass all have considerable skew (e.g. mean surface area =2.9x10 4 m 2 vs median surface area = 4825 m 2 ). Using the median cell biomass as an estimator for calculating diatom abundance will overestimate small cells, which have a higher surface area to volume ratio, and will therefore contribute more significantly to the superoxide flux. Using the mean biomass to calculate diatom abundance places significant weight on exceptionally large diatoms, but will produce a more conservative estimate of global cell count and cell surface area to volume ratio. We calculate the annual diatom cell count using the fraction of NPP contributed by diatoms (52%), a central estimate of annual NPP (48.5 PgC), the mean diatom biomass (9,794 pgC/cell), mean diatom surface area 29,632 um 2 /cell. This estimate produces a mean annual diatom cell count of 2.6x10 24 cells in the top 200 meters of the marine water column.
Estimation of global superoxide flux
Using MATLAB, we simulated the cumulative superoxide flux, or the sum of the 9 major microbial groups reviewed in this work. Each major group's contribution to the global superoxide flux was determined by randomly assigning a cell count from a uniform distribution ranging from the -30% to +30% of the cell estimates calculated above. This cell number was then randomly assigned a superoxide production rate, with a probability distribution shown in Figure S1 . The total superoxide production flux of all 9 microbial groups was summed, and the simulation repeated a total of 1 million times. The histogram of results is shown in figure S2 . Figure S2 -Histogram of the sum of extracellular superoxide production of 9 major marine microbial groups.
The 5 th percentile estimate is 3.1x10 15 , and the 95 th percentile estimate is 4.8x10 15 . The 9 microbial groups each had the following fractional contributions: diatoms: 27.2%, Phaeocystis: 25.3%, Coccolithophores: 19.8%, Synechococcus: 16.4%, Gammaproteobacteria: 6.5%, Alphaproteobacter (excluding SAR11): 3.8%, SAR11: 0.8%, Trichodesmium: 0.05%, Prochlorococcus: 0.04%.
Calculation of expected marine superoxide concentration
To test the robustness of our estimate of the global oxygen loss from extracellular superoxide production, we compare the expected superoxide concentration in the water column (based on our estimate of global production) against measurements of (dark) superoxide concentration in the water column. In order to calculate the expected superoxide concentration based on dark superoxide production, superoxide decay rates in natural water are required, which are well documented. We compiled superoxide decay rate constants from several studies on natural waters and present them in Figure S3 (Rose et al. 2008; Hansard et al. 2010; Heller and Croot 2010a; Heller et al. 2016; Roe et al. 2016) . The complete set of decay rate constants has an approximately log-normal distribution, which was determined using one-sample Kolmogorov-Smirnov test (n=157). The mean of the natural log of all compiled superoxide decay rate constants is -4.5484 ± 0.7598 (ln(rate) ± 1 standard deviation, rate units are s -1 ). This corresponds to a mean rate of 0.0106 s -1 with a 68% confidence interval ranging from 0.0050 s -1 to 0.0226 s -1 .
To calculate the expected superoxide concentration in seawater we began with an annual estimate for global superoxide flux. The total global superoxide flux was divided between the surface and the deep ocean based on estimates from Whitman et al. (1998) for the proportion of non-phototroph organisms above and below 200 meters (Whitman et al. 1998 ). The annual gross superoxide production was divided by the volume of water in the surface and deep ocean, respectively, yielding volume normalized annual superoxide production rates (mol L -1 yr -1 ). Annual production rates were divided by the superoxide decay rate constant to determine the steady-state concentration. Given that the half-life superoxide is on the order of 1 minute or less, steady-state concentrations are achieved quickly. The following table summarizes the calculations: Roe 2016 Rose 2008 Hansard 2010 Heller 2016 Heller Croot JGR 2010 Superoxide Decay Rate (s -1 )
Depth (m)
Superoxide Decay Rate Constant (s -1 ) Our estimates for global dark superoxide production predict the surface ocean will have an average concentration of 152 pM (68% confidence interval 71 to 322 pM) and the dark ocean a concentration of 0.6 pM (68% confidence interval 0.3 to 1.3 pM).
